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(57) ABSTRACT 

An object of the present invention is to provide a semicon 
ductive rubber belt wherein a variation in the electric resis 
tance is decreased, in particular, in the belt circumferential 
direction so that high-quality images can be formed, and a 
process for producing the same. In order to achieve the object, 
in a case where on any single straight line extended in the belt 
circumferential direction, the maximum value of the molecu 
lar orientation ratio correction value MOR-C of the semicon 
ductive rubber belt, the minimum value thereof, and the aver 
age thereof are set to satisfy a specified relationship. 

2 Claims, 2 Drawing Sheets 
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SEMICONDUCTIVE RUBBER BELT, AND 
PROCESS FOR PRODUCING THE SAME 

This present application is a divisional of U.S. patent appli 
cation Ser. No. 12/721,453 filed Mar. 10, 2010, entitled 
“SEMICONDUCTIVE RUBBER BELT, AND PROCESS 
FOR PRODUCING THE SAME, naming Takahiro Naka 
gawa as inventor, which in turn claims priority to JP2009 
059908 filed Mar. 12, 2009, the entire contents of which are 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a semiconductive rubber 

belt used in a transferring section or the like in an image 
forming apparatus based on electrostatic photography, Such 
as a copying machine, a printer, or a facsimile machine; and a 
process for producing the same. 

2. Description of Related Art 
The semiconductive rubber belt used in a transferring sec 

tion or the like in an image forming apparatus is generally a 
belt containing a conductive filler, such as graphite or carbon 
black, and having a Volume resistivity adjusted to the range of 
10 to 10' ohm-centimeters (G2cm). The range of the volume 
resistivity is generally in the so-called semiconductive range. 
In this range, the electric resistance of the semiconductive 
rubber belt tends to vary in accordance with a slight variation 
in the amount of the filler that is added to the belt. Then the 
electric resistance of the rubber belt is varied, formed images 
may become uneven. Thus, it is very important to make the 
electric resistance of the semiconductive rubber belt even as a 
whole. A process that is known for producing this semicon 
ductive rubber belt, is the “tube extrusion molding process'. 
wherein an unvulcanized rubber composition into which a 
filler is blended is subjected to tube extrusion molding to form 
a tubular unvulcanized rubber belt molded body; this body is 
allowed so cover a mold, and then the body is heated to be 
Vulcanized, thereby yielding the belt. 

In the tube extrusion molding process, the flowing rate 
(extrusion rate) of the unVulcanized rubber composition, into 
which the filler is blended, can also be set to a low value; 
therefore, a shearing force that is received by the unvulca 
nized rubber composition can be made relatively small when 
the composition passes through the cap or the like of the 
extruder. However, when an attempt is made for making the 
electric resistance of the semiconductor rubber belt even in 
the semiconductive range, the electric resistance of the belt 
may be locally varied even by a slight shearing hysteresis at 
the time of the extrusion molding. In particular, in bridge 
moieties, the number of which is usually three or more, 
located in a die (cap) necessary for extruding the unVulca 
nized rubber composition into a tubular form, weld lines of 
the unvulcanized rubber itself are generated in the width 
direction of the belt (the extrusion direction of the belt). In the 
moieties, the thickness of the belt is made small, and further 
a variation in the electric resistance may be generated. 
Accordingly, ordinary manners of the tube extrusion molding 
process have a problem that weld lines are formed at intervals 
in the “belt circumferential direction' orthogonal to the width 
direction of the belt so that the electric resistance of the 
resultant semiconductive rubber belt is varied in the belt 
circumferential direction. 

Japanese Patent No. 3414514 described below discloses an 
image forming apparatus wherein the control of the intensity 
of transferring bias makes it possible to keep the charge 
amount of its semiconductive rubber belt constant even when 
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2 
a change is caused in the electric resistance of the semicon 
ductive rubber belt in the belt circumferential direction (that 
is, even when the electric resistance of the semiconductive 
rubber belt is varied in the belt circumferential direction). 
However, the apparatus described in this document needs a 
separate device for controlling the intensity of the transferring 
bias. When the rotating speed of the semiconductive rubber 
belt is made high to heighten the image formation processing 
speed of the image forming apparatus, the intensity of the 
transferring bias is not easily controlled. Accordingly, in the 
market, it is largely desired to make the electric resistance of 
any semiconductive rubber belt even at a high level. 

Japanese Patent No. 3056413 described below describes a 
semiconductive belt in which on any single line along the 
width direction of the belt, the average of the molecular 
orientation angle 0 to the belt width direction is set into the 
range of -15 to +15° and further the relationship between the 
average of the molecular orientation ratio correction value 
MOR-C of its conductive layer, the maximum value thereof, 
and the minimum value thereof is set to satisfy an expression 
of (the maximum value-the minimum value)/the aver 
age.<0.4, whereby a variation in the electric resistance of the 
belt in the width direction thereof is decreased so that images 
to be formed can be prevented from becoming uneven. How 
ever, this semiconductive rubber belt cannot solve the prob 
lem that the electric resistance is varied in the belt circumfer 
ential direction since the belt is produced in an ordinary 
manner of tube extrusion molding process. 

Japanese Patent. No. 3998344 described below discloses 
that according to the process for producing a semiconductive 
rubber belt using an extruder equipped with a crosshead hav 
ing an inner cylinder section in which a spiral flow type 
groove is made, it is possible to produce a semiconductive 
rubber belt wherein the generation of a variation in the elec 
tric resistance is decreased. However, the present inventors 
have made investigations So as to make it evident that about 
semiconductive rubber belts produced by this producing pro 
cess, there is a room for a further improvement, in particular, 
with respect to a variation in the electric resistance in the belt 
circumferential direction. 
Patent Document 1: Japanese Patent Publication No. 
3414514 

Patent Document 2: Japanese Patent. Publication No. 
3056413 

Patent Document 3: Japanese Patent Publication No. 
3998344 

SUMMARY OF THE INVENTION 

In light of the above-mentioned situation, the invention has 
been made, and an object thereof is to provide a semiconduc 
tive rubber belt whereina variation in the electric resistance is 
decreased, in particular, in the belt circumferential direction 
so that high-quality images can be formed, and a process for 
producing the same. 

In order to solve the problems, the present inventors have 
made investigations about the relationship between the 
molecular orientation ratio correction value MOR-C of a 
semiconductive rubber belt in the belt circumferential direc 
tion and the image quality of images to be formed. As a result, 
the inventors have found out that in a case where on any single 
straight line extended in the belt circumferential direction, the 
maximum value of the molecular orientation ratio correction 
value MOP-C of the semiconductive rubber belt, the mini 
mum value thereof, and the average thereof are set to satisfy 
a specified relationship, the problems can be solved. 
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That is, the present invention is directed to a seamless 
semiconductive rubber behaving a volume resistivity of 10 
to 10' S2cm, 

wherein about the molecular orientation ratio correction 
value MOR-C of the semiconductive rubberbelt on any single 
straight line extended in the belt circumferential direction 
orthogonal to the width direction of the belt, the molecular 
orientation ratio correction value being represented by the 
following expression (1): 

wherein MOR represents the molecular orientation ratio, t 
represents the correction thickness (millimeters, mm), and ty 
represents the thickness (mm) of the belt, 

the following expressions (2) and (3) are satisfied: 
(a-b)/cg0.64 (2), and 

a/h <1.87 (3) 

wherein a represents the maximum value of the molecular 
orientation ratio correction value MOR-C, b represents the 
minimum thereof, and c represents the average. 

In the semiconductive rubber belt, an unevenness in the 
molecular orientation ratio correction value is decreased in 
the belt circumferential direction; thus, a variation in the 
electric resistance is decreased, in particular, in the belt cir 
cumferential direction. For this reason, the image quality of 
images to be formed can be made high, and further the electric 
resistance of the semiconductive rubber belt can be made 
even at a high level. So that the rotating speed of this belt can 
be made high without requiring an especial new device or the 
like. As a result, in a high-speed copying machine, a printer or 
any other image forming apparatus that has the semiconduc 
tive rubber belt, a high image quality and a high carrying 
stability can be certainly kept without using any special, new 
device. 
The present invention is directed to a process for producing 

a seamless semiconductive rubberbelt having a Volume resis 
tivity of 10 to 10' S2cm, comprising: 

an extruding step of using an extruder equipped with a 
crosshead having an inner cylinder section wherein a spiral 
flow type groove is made to plasticize an unVulcanized rubber 
composition having a scorch time ts of 10 to 18 minutes, and 
extruding the composition through the extruder, 

an unVulcanized rubber belt molding step of shifting, 
inside the inner cylinder section, a cylindrical mold in a 
direction Substantially orthogonal to the extrusion direction 
of the unvulcanized rubber composition in the extruder while 
making the unVulcanized rubber composition into a layer 
form and allowing the layer-form unvulcanized rubber com 
position to cover the outside surface of the cylindrical mold, 
thereby yielding an unvulcanized rubber belt molded body, 
and 

a Vulcanizing step of Vulcanizing the unvulcanized rubber 
belt molded body, thereby yielding the semiconductive rub 
ber belt. 
By using an extruder equipped with a crosshead having an 

inner cylinder section wherein a spiral flow type groove is 
made to extrude an unVulcanized rubber composition having 
a scorch time ts of 10 to 18 minutes in a specified molding 
manner, a semiconductive rubber belt wherein an unevenness 
in the molecular orientation ratio correction value is 
decreased in the belt circumferential direction can be pro 
duced. More specifically, according to the process for pro 
ducing a semiconductive rubber belt, a semiconductive rub 
ber belt satisfying the above expressions (2) and (3) can be 
produced. 
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4 
In the process for producing a semiconductive rubber belt, 

it is preferred that the ratio between the maximum outside 
diameter d of the inner cylinder section and the outside diam 
etere of a discharging opening in the section (the die contrac 
tion ratio) satisfies the following: 0.2se/dis0.8, and further 
the shift speed of the cylindrical mold is 1 meter perminute or 
less in the unvulcanized rubber belt molding step. This pro 
ducing process makes it possible to produce a semiconductive 
rubber belt wherein an unevenness in the molecular orienta 
tion ratio correction value is certainly decreased in the belt 
circumferential direction, and the electric resistance is made 
even at a high level. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1A and 1B are each a view which schematically 
illustrates an example of an apparatus for producing a semi 
conductive rubber belt; and 

FIG. 2 is a view which illustrates an example of the struc 
ture of a crosshead. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The extruder used in the present invention may be a known 
rubber extruder, and is preferably an extruder having a 
vacuum system for removing air bubbles generated in the belt 
in a Vulcanizing step, or the like. 
The semiconductive rubber belt of the present invention 

has a rubber substrate layer. As a rubber material which 
constitutes the rubber substrate layer, a known rubber mate 
rial may be used without any especial restriction. Examples 
thereof include natural rubber (NR); diene rubbers such as 
styrene butadiene rubber (SBR), isoprene rubber (IR), buta 
diene rubber (BR), chloroprene rubber (CR), and nitrile rub 
ber (acrylonitrile-butadiene rubber: NBR); non-diene syn 
thetic rubbers such as ethylene-propylene rubbers (EPM, and 
EPDM), butyl rubber (IIR), acrylic rubbers (ACM, and 
ANM), and epichlorohydrin rubbers (CO, and ECU); other 
rubbers such as urethane rubber (U), fluorine-contained rub 
ber (FKM), silicone rubber (Q), and polysulfide rubber (T). 
These may be used alone or in combination of two or more 
thereof. It is preferred to use, out of the rubber materials, a 
rubber material containing at least one of CR, EPDM, NBR, 
and CO (ECO). 

In order to give semiconductivity to the belt in the present 
invention, a filler is used. As the filler, carbon black is pref 
erably used. Specific examples thereof include EC (Extra 
Conductive) carbon, ECF (Extra Conductive Furnace) car 
bon, SCF (Super Conductive Furnace) carbon, CF (Conduc 
tive Furnace) carbon, acetylene black, and other carbon 
blacks such as SAF, ISAF, HAF, FEF, GPF, SRF, FT, and MT. 
These may be used alone or in combination of two or more 
thereof. 

Together with carbon black, other conductivity giving 
agents may be used if necessary, examples of the agent 
including metallic materials, such as silver powders, copper 
powders, and nickel powders; metal oxides Such as tin oxide 
and indium oxide; inorganic materials such as mica coated 
with metal; and carbon materials such as graphite and carbon 
fiber. 
To the rubber material are added not only the filler for 

giving conductivity but also well-known additives for rubber, 
Such as a process oil, a plasticizer, a stabilizer, and a disper 
sion improver, and the mixture is kneaded. Thereto are further 
added additives such as a Vulcanizing agent, a Vulcanization 
accelerator, and a crosslinkage density adjustor to prepare an 
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unVulcanized rubber composition. The composition is Sup 
plied to an extruder. The crosslinkage may be based on the 
addition of a peroxide, Sulfur Vulcanization, or any other 
well-known Vulcanizing manner. 

In the process for producing a semiconductive rubber belt 
according to the present invention, it is important to use an 
unvulcanized rubber composition having a scorch time ts of 
10 to 18 minutes, which is obtained by blending the rubber 
material, the filler and the various additives. By using an 
extruder having an inner cylinder section wherein a spiral 
flow type groove is made to extrude the unvulcanized rubber 
composition in the specified molding manner, an unevenness 
in the molecular orientation ratio correction value can be 
decreased in the belt circumferential direction. The unvulca 
nized rubber composition having a scorch time t of 10 to 18 
minutes is obtained by adjusting appropriately the blend 
ratios of in particular, the Vulcanizing agent and the Vulcani 
Zation accelerator, out of the above-mentioned additives, to 
the rubber material, or adjusting appropriately a discharging 
temperature when the rubber is kneaded, or the storage tem 
perature of the unvulcanized rubber composition. 
The following will describe the process for producing a 

semiconductive rubber belt according to the present inven 
tion. An example of an apparatus used to carry out the inven 
tion is illustrated in FIG. 1. The apparatus, for producing an 
unvulcanized rubber belt molded body, used in the process for 
producing a semiconductive rubber belt according to the 
present invention is composed of an extruder 1, a crosshead 3 
fitted to the extrusion forefront thereof, and cylindrical molds 
5. An unvulcanized rubber composition supplied from a hop 
per (not illustrated) is heated and plasticized, and then fed to 
the crosshead 3, which is fitted to the forefront, by means of 
a screw 17. The cylindrical molds 5 are sent at a constant 
speed from one end of the crosshead 3 to a direction substan 
tially orthogonal to the rubber extruding direction by means 
of a driving member 13. In the unvulcanized rubber belt 
molding step, the shift speed of the cylindrical molds 5 is 
preferably 1 meter per minute or less. When the shift speed of 
the cylindrical molds 5 is in this range, an unevenness in the 
molecular orientation ratio correction value is certainly 
decreased in the belt, circumferential direction, so that a 
semiconductive rubber belt having an electric resistance 
made even as a high level can be produced. 

Inside the crosshead 3, the flow direction of the unvulca 
nized rubber composition extruded from the extruder 1 is 
changed to the shift direction of the cylindrical molds 5, and 
further the composition is allowed to flow in a cylindrical 
form so as to cover the cylindrical molds 5. Through a thick 
ness adjustor 11, the composition is made into a predeter 
mined thickness and allowed to cover the outside surfaces of 
the cylindrical molds 5. 
As illustrated in FIG. 1, preferably, the cylindrical molds 5 

are continuously shifted. In the case, the covering layer of the 
unVulcanized rubber composition is continuous. Seams of the 
continued cylindrical molds 5 are detected by an appropriate 
means, and then the unVulcanized rubber composition layer is 
cut by a cutter 9. The molds are separated from each other in 
a state where the molds each have the unvulcanized rubber 
molded body layer. The separated molds are supplied to a 
Vulcanizing step. 

In the example illustrated in FIG. 1, the driving means 13 
for shifting the cylindrical molds 5 is a means wherein two 
rollers are used. However, the means is not limited thereto. 
As a Vulcanizing method used in the Vulcanizing step, any 

known Vulcanizing method may be used without any limita 
tion. Specific examples of the method include a method using 
a Vulcanizing can, a method of heating the molds with vapor, 
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6 
an electric heater or the like, an oven Vulcanization method of 
heating the unvulcanized rubber belt molded bodies in a heat 
ing oven under normal pressure, a method of blowing a heat 
medium such as heated water vapor toward the molds to 
expand the rubber membranes (bladders), thereby pressuring 
the unvulcanized rubber belt molded bodies to Vulcanize the 
molded bodies (bladder Vulcanization method), and a Vulca 
nizing method using a high energy radial ray Such as an 
electronbeam. A Vulcanizing method whereintwo or more of 
these methods are combined with each other may be used. 
A specific example of the structure of the crosshead 3 is 

illustrated in FIG. 2. The crosshead 3 has an axial center in a 
direction Substantially orthogonal to the direction along 
which an unvulcanized rubber composition 6 is extruded 
from the extruder 1. The crosshead 3 has an outer cylinder 
section 21 and an inner cylinder section 23, and fitted to the 
forefront of the extruder through a flange 29. Between the 
outer cylinder section 21 and the inner cylinder section 23, a 
cylindrical space is formed. The unvulcanized rubber com 
position extruded out from the extruder 1 is molded into a 
cylindrical form in this space, and then pushed into the fore 
front. The outer cylinder section 21 has, near its central 
region, a flow adjusting ring 17, and has, at its forefront, a 
thickness adjustor 11. Inside the inner cylinder section 23, the 
cylindrical molds 5 can be shifted, and the section 23 has an 
edge ring 19 and a spiral flow type groove 25 for adjusting the 
flow and making the flow even. The cylindrical molds 5 are 
inserted from one end of the crosshead into one end of the 
inner cylindersection 23, and then shifted at a constant speed. 
At the other end of the inner cylinder section 23, the cylin 
drical unvulcanized rubber composition is made into a pre 
determined thickness by means of the thickness adjustor 11 
and allowed to cover the outside surface of each of the cylin 
drical molds 5. In this way, an unvulcanized rubber belt 
molded body 7 is formed. The thickness adjustor 11 is pref 
erably formed in such a manner that the adjustor 11 can be 
attached to the outer cylinder section 21 and removed there 
from in order that the adjustor 11 can be exchanged to pro 
duce belts having different thicknesses. 
The inner cylinder section 23 of the crosshead 3 in the 

present embodiment has a maximum outside diameter at the 
upstream side thereof relative to the spiral flow type groove 
25 (at the extruder side thereof), and has a minimum outside 
diameter at the forefront side thereof (at a discharge opening 
23E side thereof). In the embodiment, the ratio between the 
maximum outside diameter d of the inner cylinder section 23 
and the outside diameter e of the discharging opening (the die 
contraction ratio) is set to satisfy the following 0.2se/ds0.8. 
When this die contraction ratio is set into the range, an 
unevenness in the molecular orientation ratio correction value 
is certainly decreased in the belt circumferential direction so 
that a semiconductive rubber belt having an electric resis 
tance made even at a high level can be produced. 
The process for producing a semiconductive rubber belt 

according to the present invention may have a polishing step 
of polishing the rubber substrate layer of the semiconductive 
rubber belt yielded in the Vulcanizing step into a predeter 
mined thickness. In the polishing apparatus that can be used 
in the polishing step, a known belt polishing means may be 
used without any limitation. An example thereof is an appa 
ratus in which while a mandrel or a plurality of rollers are 
used to rotate the belt in a belt-stretched state, the belt is 
polished with a polishing means such as a rotary grindstone. 
The thickness of the rubber substrate layer after the polishing 
is not particularly limited, and is, for example, from 400 to 
700 micrometers (um). 
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In the semiconductive rubber belt according to the present 
invention, the volume resistivity thereof can be set into the 
range of 10 to 10' S2cm, in particular, by adjusting the blend 
ratio between the rubber material and the filler appropriately. 
In order to decrease an unevenness in the molecular orienta 
tion ratio correction value in the belt circumferential direction 
and to decrease a variation in the electric resistance thereof in 
the belt circumferential direction, it is important that the 
molecular orientation ratio correction value MOR-C of the 
semiconductive rubber belt on any single straight line 
extended in the belt circumferential direction orthogonal to 
the width direction of the belt is represented by the following 
expression (1): 

wherein MOR represents the molecular orientation ratio, t 
represents the correction thickness (mm), and trepresents the 
thickness (mm) of the belt, 

the following expressions (1) and (2) are satisfied: 
(a-b)/cg0.64 (2), and 

a/h <1.87 (3) 

wherein a represents the maximum value of the molecular 
orientation ratio correction value MOR-C, b represents the 
minimum thereof, and c represents the average. According to 
the process for producing a semiconductive rubber belt 
according to the invention, a semiconductive rubber belt sat 
isfying the expressions (2) and (3) can be produced. 

In order to attain a further decrease in an unevenness in the 
molecular orientation ratio correction value of the semicon 
ductive rubber belt according to the present invention in the 
nets circumferential direction and to decrease, in particular, a 
variation in the electric resistance thereof in the belt circum 
ferential direction, the following expressions (2)' and (3)' are 
satisfied on any single straight line extended in the belt cir 
cumferential direction orthogonal to the width direction of 
the belt. 

(a-b)/cg0.50 (2)", and 

In the semiconductive rubber belt of the present invention, 
a releasing layer may be appropriately formed on a belt Sur 
face of the rubber substrate layer if desired. The releasing 
layer may be formed on one side or both sides of the belt 
Surface. The thickness of this releasing layer is not particu 
larly limited, and is, for example, from 3 to 20 um. 
The material which forms the releasing layer is preferably 

a material from which toner is easily exfoliated, and is pref 
erably a painted film layer obtained by painting. The paint 
used therefor may be selected, considering the adhesive prop 
erty onto the belt substrate layer, the toner-exfoliating perfor 
mance, the electric characteristics thereof, and the like. The 
paint is preferably a polyurethane based paint, and is in par 
ticular preferably a paint to which polytetrafluoroethylene 
fine particles are added, considering the abrasion resistance of 
the painted film layer, the adhesive property onto the rubber 
substrate layer, and the flexibility. 

EXAMPLES 

Hereinafter, examples or the like for specifically demon 
strating the structure and effects of the present invention will 
be described. The molecular orientation ratio correction value 
MOR-C of any semiconductive rubber belt was calculated by 
measuring the molecular orientation ratio MOR thereof with 
a molecular orientation meter (model number: MOA-6015) 
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8 
manufactured by Oji Scientific Instruments, and then substi 
tuting the measured molecular orientation ratio MOR into the 
expression (1). When a thickness correction of the molecular 
orientation ratio correction value MOR-C was made, the cor 
rection thickness t in the expression (1) was set to 1.08 mm. 
In the measurement of the molecular orientation ratio correc 
tion value MOR-C of any semiconductive rubber belt, 
molecular orientation ratio correction value MOR-C values 
were measured at 3 to 6 points on each of a first line to a n' 
line wherein n is from 2 to 5, the lines being extended in the 
belt circumferential direction of the semiconductive rubber 
belt, and then the average thereof was calculated about each 
of the lines. 

Materials used in the examples, trade names thereof, and 
Supplying makers thereof are shown in Table 1. 
(Preparation of Rubber Compositions) 
To 100 parts by weight of a rubber component were added 

components except Sulfur and a Vulcanization accelerator in 
accordance with each blend formulation shown in Table 1, 
and then the mixed components were kneaded by a kneader. 
The composition was cooled, and then the components 
together with sulfur and the Vulcanization accelerator in the 
formulation were kneaded again by the kneader to prepare an 
unvulcanized rubber composition in a ribbon form. The com 
position was supplied to an extruder. The scorch time ts of 
each of the used unVulcanized rubber compositions is shown 
in Table 1. 
The extruder to be used was a vent type extruder having a 

screw diameter of 50 mm. To this extruder was fitted each 
crosshead capable of sending cylindrical molds each having 
an outside diameter of 30 to 150 mm and a length of 400 mm 
continuously (Table 1 shows the maximum outside diameter 
d, the discharging opening outside diameter e, and the ratio 
e/d therebetween (die contraction ratio) of each of the cross 
head inner cylinder sections to be used). In the extruder, the 
screw temperature and the cylinder temperature were 
adjusted in the range of 50 to 60° C., and the crosshead 
temperature was adjusted in the range of 70 to 90° C. The 
cylindrical molds were Supplied in a direction orthogonal to 
the screw at each shift speed described in Table 1 to allow an 
unvulcanized rubber belt molded body having a thickness of 
0.9 mm to cover the periphery of each of the molds. The 
cylindrical molds covered with the unvulcanized rubber belt 
layer were automatically discharged from the crosshead by 
the extrusion of the rubber, and the flowing pressure. 
The cylindrical molds, which were each covered with the 

unvulcanized rubber belt molded body yielded in the extrud 
ing step, were put into a Vulcanizing vapor can, the tempera 
ture of which was set so 175°C. The can was then heated for 
15 minutes to Vulcanize the molded bodies. After the Vulca 
nization, the front surface and the rear surface of one of the 
belts taken out from the cylindrical molds were polished by a 
thickness of 0.2 mm (total polished thickness: 0.4 mm) to 
yield a rubber belt (rubber substrate layer) having a thickness 
of 0.5 mm. Furthermore, both side end regions thereof were 
cut to yield a belt having a width of 350 mm. About the 
molecular orientation ratio correction value MOR-C of the 
resultant semiconductive rubber belt, the value of (a-b)/c 
and that of a/b are shown in Table 2, whereina represents the 
maximum value of the MOR-C, b represents the minimum 
value thereof and c represents the average. The Volume resis 
tivity of the resultant semiconductive rubber belt was mea 
sured in 3 to 6 points along the belt circumferential direction 
at an applied voltage of 500 V, and the average of the resultant 
values was calculated. The results are shown in Table 2. 

Examples 1 to 4, and Comparative Example 1 

The semiconductive rubber belts produced under the 
blending and conditions shown in Table 1 were each fitted to 
an image forming apparatus. About the belts, actual-machine 
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tests were made, and then the belts were evaluated by observ- which the formed images partially had transfer unevenness 
ing the image quality of formed images with the naked eye. In but no problem was caused; and X represents a level at which 
Table 2, O represents a level at which the image quality was the formed images had transfer unevenness in a considerable 
high so that no problem was caused; A represents a level at amount so that the belt, was unable to be practically used. 

TABLE 1 

Comparative 
Examples 1 Examples 2 Examples 3 Examples 4 Example 1 

Blending 

Material names Trade names Supplying maker phr phr phr phr phr 
l8le:S 

CR SHOWPRENEWRT Showa Denko K.K. 8O 8O 8O 8O 8O 
EPDM ESPRENE 505 Sumitomo 2O 2O 2O 2O 2O 

Chemical Co., 
Ltd. 

Carbon DENKABLACK Denki Kagaku 2O 2O 17 22 17 
Kogyo Kabushiki 
Kaisha 

Zinc Oxide Zinc White #1 Mitsui Mining & 5 5 5 5 5 
Smelting Co., 
Ltd. 

Magnesium oxide KYOWAMAG #1SO Kyowa chemical 4 4 4 4 4 
industry Co., 
Ltd. 

Stearic acid LUNACKS-40 Kao Corporation 2 2 2 2 2 
Naphthene based oil PROCESS OIL NS-24 emitsu Kosan 10 10 10 10 10 

Co., Ltd. 
Sulfur SULFUR Hosoi Chemical 2 O.S O.S 2 O.S 

industry Co., 

Trimethylthiourea WULCANIZATION Ouchi-Shinko 1 1 1 1 
ACCELERATOR: Chemica 

NOCKCELLERTMU Industrial Co., 

Tetramethylthiuramdisulfide VULCANIZATION Ouchi-Shinko O.S O.S O.S O.S O.S 
ACCELERATOR: Chemica 

NOCKCELLERTT industrial Co., 

Di-o-tolylguanidine Ouchi-Shinko 1 1 1 1 
Chemica 

industrial Co., 

Zinc dimethyldithiocarbamate VULCANIZATION Ouchi-Shinko O.2 
ACCELERATOR: Chemica 

NOCKCELLERPZ industrial Co., 

Zinc diethyldithiocarbamate VULCANIZATION Kawaguchi O.S 
ACCELERATOR: Chemica 

ACCELEZ industry Co., 

Ethylenethiourea WULCANIZATION Kawaguchi O.S 
TOR: Chemica 

industry Co., 

Diphenylguanidine WULCANIZATION Kawaguchi O.3 
ACCELERATOR: Chemica 

ACCELD industry Co., 

Scorch time (ts) 11.3 14.5 16.6 11.4 18.6 
Producing conditions 

Maximum outside diameter d (mm) of inner cylinder section 224.0 144.0 144.0 144.0 144.0 
Discharging opening outside diameter e (mm) 139.4 103.9 96.4 40.8 96.4 
Contraction ratio ed O.622 O.722 O669 O.283 O669 

Shift speed (m/minute) of cylindrical molds O.96 O43 O.88 O.42 1.07 
Discharging temperature at the time of rubber-kneading (first kneading) 120 120 120 120 110 
(° C.) 
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TABLE 2 

Image 
MOR-C Volume quality 

C (a-b)/c ab resistivity evaluation 

Examples 1 First 0.4 O.291 .330 S.O2E--06 O 
ine 
Second 0.4 O.270 .300 S.37E--06 O 
ine 
Third O.3 O.232 257 S.87E--06 O 
ine 
Forth 0.4 O.249 279 SSOE-06 O 
ine 

Examples 2 First 5.7 0.552 712 4.36E--06 A 
ine 
Second 5.4 O.S12 622 4.41E--06 A 
ine 
Third 5.9 O484 586 4.15E-06 O 
ine 
Forth 5.7 O486 590 46OE-06 O 
ine 
Fifth 5.8 O424 SO6 4.61E--06 O 
ine 

Examples 3 First 7.4 O.S8O 758 S-32E--09 A 
ine 
Second 7.0 O496 643 5.18E--09 O 
ine 

Examples 4 First 3.5 0.075 O78 4.21E--06 O 
ine 
Second 3.8 O.O73 O75 4:29E-06 O 
ine 
Third 3.6 O.O89 O94 4.03E--06 O 
ine 
Forth 3.2 O.042 O43 3.95E-06 O 
ine 
Fifth 3.1 O.O37 O37 4.32E--06 O 
ine 

Comparative First 5.5 0.715 2.048 3.74E--09 X 
Example 1 ine 

Second 5.3 O.762 2.13S 3.63E--09 X 
le 

From Table 2, it is understood that according to the actual 
tests and evaluation of the semiconductive rubber belts of 
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12 
Examples 1 to 4, high-quality images can be formed, while 
according to the actual tests and evaluation of the semicon 
ductive rubber belt of Comparative Example 1, transfer 
unevenness is generated in a large amount so that the belt is 
unable to be practically used. 

What is claimed is: 
1. A process for producing a seamless semiconductive 

rubber belt having a volume resistivity of 10 to 10' S2cm, 
comprising: 

an extruding step of using an extruder equipped with a 
crosshead having an inner cylinder section wherein a 
spiral flow type groove is made to plasticize an unvul 
canized rubber composition having a scorch timets of 10 
to 18 minutes, and extruding the composition through 
the extruder, 

an unVulcanized rubber belt molding step of shifting, 
inside the inner cylinder section, a cylindrical mold in a 
direction Substantially orthogonal to the extrusion direc 
tion of the unvulcanized rubber composition in the 
extruder while making the unVulcanized rubber compo 
sition into a layer form and allowing the layer-form 
unvulcanized rubber composition to cover the outside 
surface of the cylindrical mold, thereby yielding an 
unvulcanized rubber belt, molded body, and 

a Vulcanizing step of Vulcanizing the unvulcanized rubber 
belt molded body, thereby yielding the semiconductive 
rubber belt. 

2. The process for producing the semiconductive rubber 
belt according to claim 1, wherein the ratio between the 
maximum outside diameter d of the inner cylindersection and 
the outside diameter e of a discharging opening in the section 
(the die contraction ratio) satisfies the following: 0.2se/ 
dis0.8, and further the shift speed of the cylindrical mold is 1 
m/minute or less in the unvulcanized rubber belt molding 
step. 
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